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ABsTRAcr

Daily variations of wind and solar foming derived from
satellite data were comprwed with sea surface temperature and
temperature tendency during the Tropical Ocean Global
Atmosphere - t%upld Ocean Atmosphere Response Experiment.
The correlation between solar flux and temperature ton&ncy is
positive indicating that the solar forcing is a signifkant  factor in
daily sea surface tcmpcrattm chart o. Daily change in sea surface

ttompcraturo does not have signi want effect on incoming solar
flux. Wind speed is negatively correlated with sea surface
temperature and tcmpomture  ~*Y, ~~ng ~ ~ ~
understand the feedback mechanism between wind forcing and
thermal response.

INTRODUCTION

There has long been strong interest in relating acs surfac8
tem~raturo  (SST) to surface wind and thermal forcings  in the
troplcxd occarts.  Over these warm waters, numerical experiments
have domonatratd  that small change to SST would sigrdflcant.ly
aff~t lobs.1 climate than

c1? S
. The warmest water is found in the

western Pacific eastern Indian  oceans, called the Wturn
‘p;. Over this ~ SST is relatively uniform  ~~n X“C ~
!?O“C. The factors which maintain this high temperatures am
controversial. It has km postdated that cirrus cloud is the
dominant natural thermostat whwh keeps the t~porature  ,in the
warm pool at an equilibrium temperature. The mferenc+ M that
any increase in sea surface temperatures would gm.dy  tncn.aae
cloud cover and shut off solar  heath (e.g., ~~a~m ~d
Collins, 199 1). Thoro is rdso an alternative hypothesis on
evaporation ax the natural dwrmorItaG any increase m SST would
greatly increase dto capacity of the atmosphere in holding moistum
and thorefom, would increase evaporative cooling of tho ocean
(e.g., NCWOIL 1979; am ~ Micho~ent 1993).  Mu ~d
Gautier (1990) and IA et aL (1994), using monthly mcsn satellite
~ found no stron nogativo  carreladon between the seasonal

LChango of Ss’r and so flux implying the aoasond Chango of solar
heating is not controlled by sea surface tompomture but b the

7solar inci&nt  angle. SignlfEant  positive correlation rue ound
botweem solar flux and tcmpomture  tendency (temporal derivative
of SST) over most of the global ocean, implying that seasonal
chango  in upper ocean heat balance is strong affcctd by solar
heating. The exception u in the equatorial wave guide where
ocean dynamics may play a more important role. They also found
ubiquitous ncgadvo  correlations Mweort monthly ovaporadon and
SST (and temperature tendency). Liu ot aL (1994) suggest that the
negative correlation may be due to a third factor, wind SPA,
which correlates positively with evaporation (accxdng the bulk
aerodynamic formtda)  but is found to be nOf@Vcly  -hited with
SST and temperature tendency.

The rectnt  &bate on natural dvxrnostat  is based on analysis
of low frequency variabilities, from seasonal to decadal.  However,
large high-frequency fluctuations caused by intermittent and
organid  convcaion  have been observed in the warm pmL Using
monthly-moan parameters in estimating correlation neglect the.so
high-frequency variances. Ono of the objectives of the Coupled
Ocom  Atmosphere Response Experiment (COARE) of the
Tropical Oaart and Global Atrnospbcro  (’fOGA)  prop i$ m
examine the effect of this fluctuation affects large-scale and long
term averages (TOGA-COARE SWG, 1989). In study, daily

. surface solar flux and wind vectors WCX8 derived from spacAOrno
sensors and their temporal wriakility  is compared with those of
SST and its derivadves during tha ‘KXiA-COARIL

WIND AND SEA SURFACE TEMPERATURE

The daily SST were provided by the TOGA COARE
Intemadonrd  project Offkz  (D. Cadsorr,  personal communication,
1993);  they were computed by avemging memumment$  from a
network of eight ships in the Intensive Flux Array (IFA) during the
experiment. The temperature ten&ncy is approximated by the
radknt of the linear regression through three day of SST data.
kean surface wind vectors wom derived from observations of the
microwave scaucrometor on ERS 1 using the goo hysical algorithm

fby Freilich and Dunbar (1993). Daily fields o tho wind vectors
over global ocenns  were computed from these scattorometex  Win&
using a successive correction method (Gadin, 1963). They arc
averaged over an am 4°S-10N, 150%158°1L covering the IFA.

SURFACE SOLAR FLUX

The method used to cmmputc the surface solar radiation
flux, originally dovelo

LX!?
by Oautior et rd. (1980), is based on

simple, physical  m lin of the most important radiative
~- OCCUtTit’tg  ~~in i%e atmosphere, namely sca~tcrin? and
absorption b molecule% clouk  d WOSOIS. S* v~~ill~  of

rsurfm  inso adon results primarily from changes in solar zenith
anglo and cloudiness, the method focuses on determining the effect
of CIOUdS  on stiaco solar @don flUX si~ SOlrU ~nith ~gle
carI be computed acmrately  from simple formulas. The method
accomplishes this by corn udng cloud albcdo, the ovcrning cloud

V/’parameter, from GMS SSR moasuremenuirt t%e visible. The
repeat coverage of the CIMS VISSR data (one observation every 30
mmutes)  allows art adequate sampling of the diurnal cloud
variability.

Images com sod of 888 x 444 pixels contcrd on tho
equator and 155°rand covering a region of approximately
400,000 km2 have been acqtdrod every 30 minutes from GMS-6
ovar the TOGA-~ARE area from tho University of Hawaii
(courtesy of P. Flament).  llmae data have been averaged over 5 x 5
~2. ~ fit sw ~ ~ ~pu~tin prcrdure is to rxdib~ tk
data. We have used the preflight calibration caeffkients  (gain and
offset) but adjusted the gain for a drift in dine. This gain
adjustment has been ob@ned by comping  results from our
computations with surface solar flux measurements at rt number of
Martds.l%  egaintikcomputi  sothatto  rninimtitiebk
between the satellite estimations and these surf- mcasuromenu.
‘k next Skp is to cMimStO the mirihtm brightness Of thO SUrf=
in clear conditions in order to detormino a threshold for cloud
condidorts. This minimum value dof~ a threshold (taken a fow
counts higher) that is used to classify  each GMS VISSR (Visible
Infrared Spin Scan Radiometer) pixel as clear or cloudy. B-y
comparison with a p~ won a fii s~~ ~.~f ‘la
procedure allows us to dotczt clouds in regions of sunghnt. Once
the pixel’s nature (ck.f or clotiy) ~ tin ~~rrnined..  ‘e app]y
clear and cloudy sky radiative transfer models accordingly. In
clear sky cmdidons, surface insolation is expressed as:

b ~ S. (r/rJ2 MM 0 exp ( - C1/cXM 6)/(1-  QAs) X CXP [ - SOW

ms O)bol exp[ - awkkos  (l))bwl (1)

where So ia the solar constanL rho is the ratio of acu.ral to mean
earth-sun distance, 0 is sohtr  zenith angle, ~ and UW are omme  and

r
water va ttmOUM& respecdvdy, J% iJ s~= ~~~ ~ ~ ~

%,b, bdC2mdf*u(Cld C2 dcpendontim
and concentradon of aerosols). The term 1-C2A8  ac.munts for
photons that have suataincd multiple surface rcfktions.  Ozmm

‘1+-
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h and water vapor tynounts are specikl from climatology and AS is
obtained by solving the following equation:

Am (Itti) = a + (1 - a)(l - al)(l - a’o)A,  (2)

whet-e Amt is the albcdo measured at the; satellite (the surface is
assumed to reflect solar radiation isotropically),  Bmin is the.
minimum brightness, a and al arc direct  and diffuse reflection
coefficients, respectively, and a’. charackrizcs  ozone absorption.
~. (2) simplY states that Awt is the sum of an atmospheric
component (photons reflected back to space without surface
reflection), and the signal reflcctcd by the surface and diffusely
transmitted to space.

In cloucly sk umditions,  the clear sky formulation is
tmodified to account or reflcztion and absorption by clouds which

are assumed to occur in one layer. Cloudy sky insolation is
thcrcfom  given by:

Ic=Io(l -&-ac)/(l-Ac  As) (3)

where Ac is cloud albcdo and k is cloud absorption. The
denominator represents the effect of multiple reflaions  between
the cloud and the surface. This effect is small over the ocean.
Cloud albcdo is obtained by solving the following quadratic
quation:

AM _a+(l. a)(l .al)(l -a’o)& tjl -& -@2(l -al)
(1 - ~)As

—.

.- —— - -.
whc.m Am is the top-of-atmos here albedo, assuming that clouds

&reflect solar radiation isotmpi  y. ‘ftds equation, in fact, gives &
in the GMS VISSR solar channel (mostlv  wavelengths in d-

,.”

visible). We assume that AC takes t& sami value in ie spectral
interval of total insolation.

Preliminary comparisons with surfaco solar flux data at
Kapingamarangi  Show that the clear conditions are extremely well
reproduced by our method (within a 2-3 %) and that in all
conditions, our computations have an urxcrdnty of about 10% of
the surface measurements. ‘l%c biases has tin minimim.d  through
the calibration procedure. The surface solar flux is then averaged
ovc.rthe sarneamt  asthcsurfttce  windsI=d.

RESULTS

The time series of daily SST, tcrnpcraturc tendency, surface
solar flux, and surface wind speed are compared in llg, 1. The
best contemporary correlation is between the temperature tendency
and the solar flux. For the 55 airY of data, the correlation

1coefficient is 0.51, which is sigtu lcartt at 99% level if the data
pairs are independent from each other. The positive correlation
tnfcrs that the change of u per ocean heat balance in the daily time

f!scales is signifwarttly  m uenced  by solar forcing at the surface.
This is different from the month mean data examined by Liu ct al.
(1994) who found low correlation in the quatorial ocean. The
correlation between 60 pairs of SST and solar flux is -0.28. The
negative correlation may imply that incxasa  in sea surface may
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Fig. 1 Comparison of the temporal variations of (from to? to bottom) sea surface tunpcraturc,  tuttpunturc  tcrt&ncy,  surface
solar flw and surface level wind speed. The data ate dady averages over the ‘IOGA COARE Intensive Flux Array.
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\ drxrtaso solar heating throu h cloud cover, but tho coofficicnt  is -

8tcm low to be significant at 9 % 10VCI Mu et al. (1994) also found
low correlation in tho seasonal variation, Tho wind spocd is

* ncgativoly  cm-rolatcd  w i t h  S S T  a n d  tcmpcraturo  tondcncy.  ‘.

‘ho carrolation  Cocfflcionts  am -0.43 botwccn 93 pairs of ‘
wind speed and temporaturo tcndoticy  and -0.32 for 99 airs of

fwind speed and SST. In both c.asos, tho correlations coo ficients
aro significant at” 99% level, assuming inde n&nt  data. The

rncgativo  correlations are similar to thoso or monthly means
examined by Liu et al. (1994) and similar reasoning may apply.
Increase in wind rm~ therefore, the availablo kinetic rmorgy  may
chango  thormocline depth and entrainment intensity. Increase in
wind may also incroaso  evaporative cooling. Convcctivo activities
may also increaso with SST and causo surface wind convergence
and low wind speed.

CONCLUSION

The solar flux shows stronger influence on SST over the
warm pool at the daily time scale than at the monthly timo scale.
SST has littlo influenco on solar flux at daily time scales, in
ag~mcnt  with previous results for monthly data. Wind speed is
found ncgm.ivo  cmrolatcd with both SST and tcmporature  tondcncy
in agrument with monthly dam Only ve~ preliminary results are -

presented in this study. Further analysis With mom supporting data
from TQGA  COARE is anticipated I
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